Abstract-The realization of reliable nanobiosensor devices requires the improvement of fabrication techniques to form the nanometer-sized structures and patterns, which were used to attach nano materials such as DNA for the device elements. This study demonstrates the sensitivity of silicon nanowires (SiNWs)as a sensing element in sensor application. Starting with silicon on insulator (SOI) material, the SiNWswith <100nm in width were fabricated using electron beam lithography combined with conventional CMOS process. Different numbers of SiNWs which are single, 10 arrays of nanowires and 20 arrays of nanowires were developed. Subsequently, the two metal electrodes which are designated as source (S) and drain (D) were fabricated on top of individual SiNWs using optical lithography process. Optical and electrical characteristic have been proposed to verify the outcome of the fabricated structures. One major part is to observe the SiNWs optically in order to meet the nano-scale variation by using High Power Microscope (HPM) inspection and Field Emission Scanning Electron Microscope (FESEM) imaging.Finally, the samples will be tested electrically using I-V measurement system. The results show thatdevice with single SiNW with 60nm in width give the highest resistivity value due to surface to volume ratio.
Introduction
Semiconductor nanowires are attractive components for future nanoelectronics since they can exhibit a range of device function and at the same time serve as bridging wires that connect to larger scale metallization. SiNWs are increasing being used as buildings blocks for future highly sensitive, label-free biosensor using electrical detection. Additionally, nanowires are referred to as one-dimensional nanostructures since their lengths are orders of magnitude larger than their diameter [1] . The properties of this one-dimensional nanowire provide a sensing modality for label-free and real-time electrical readout when the nanowire is configured as a field effect transistor (FET), which exhibits conductivity or resistivity change in response to variations in the electric field or surface potential at the surface [2] . In such sensing devices, the two metal electrodes which are designated as source (S) and drain (D) of a device is bridged by a nano-object (nanowire) [1] [2] . Binding to the surface of these nanowires alters their ability to conduct, which serves as the detection mechanism [1] .The schematic in Fig. 1 shows the principal of the SiNWs sensor where the current is charged, I I + Δ I, due to the attached charges molecules.
However, existing SiNW sensor have had some technical problems such as poor controllability of electrical properties and difficulty of integration to other existing microelectronic components [3] .This is due to bottom-up synthesized SiNW which have large statistical variation in the electrical properties and difficult to manipulate for the reliable integration to other microelectronic component [4] . In addition, good ohmic contact between the synthesized SiNW with metal interconnection is difficult to achieve. Besides, there is also a weak point of the synthesized SiNW which is the incompatibility with CMOS process. SiNW grown via metal-catalyzed chemical vapor deposition (CVD) process contain of metal elements such as gold or copper. Therefore integration of these SiNW is not compatible to the CMOS process [4] [5] .
For this reason, this research work demonstrates the topdown approach for device fabrication to create SiNW sensor which shows significant advantages in small size and low cost. The top-down nanofabrication method by electron beam lithography (EBL) and integrated with CMOS process such as reactive ion etching (RIE) is implemented for device structure formation. In addition, a simple surface modification of SiNW is introduced in order to create the device responses to the analyte detection (DNA) and enable to generate a reasonable electrical readout. attaches to the receptor molecules the current is changed.
II. Experimental

A. Device Fabrication
The 4 inch (100 mm in diameter) p-type silicon on insulator (SOI) wafer which initially had a 60 nm silicon layer on a 160nm buffered-oxide (BOX) insulating layer with resistivity 1-20 Ωcm was used as the starting material in this work. Standard cleaning procedure using RCA1, BOE, and RCA 2 was introduced to remove organic and inorganic contaminant on the samples surface. A set of three nanosensor devices with different numbers of SiNWs (singleSiNWs, 10 SiNWs and 20 SiNWs) are fabricatedusing electron beam lithography (EBL) on each die to determine device sensitivity with respect to numbers of SiNWs. The patterned nanowire will act as the bridge with 400nm length to connect between the source and drain metal pad. These microsized electrode pads are fabricated via conventional photolithography process. Fig. 2 illustrates the general steps of EBL and optical lithography which are implemented in this work. The process started with EBL process to fabricate nanowire as shown in Fig. 2 part A and followed by optical lithography to employ the source and drain pad as illustrates in Fig. 2 part B. Next, the electrical measurements were performed using a DC analyzer system. Electrical performances of the fabricated nanowires were carried out by measuring the current-voltage (I-V) properties of nanowires with varying width and numbers. 
B. Device Characterization
The High power microscope was used to observed the fabricated silicon nanowires structures. Field emission scanning electron microscope was carried out to measure the structures diameterand identification of elements.Electrical characterization of SiNWs devices were performed using a DC analyzerprobe station. The swept voltage was applied from 0V to 2V to the SiNWs device and the current through the SiNWs was measured.
III. Result and Discussion
The p-type SiNWs used in this work were fabricated based on top-down approach. The SiNWs were developed in single and array through electron beam lithography combined with CMOS process. SiNW is etched anisotropically producing nice and straight walls as shown in Fig. 3 (a) . The height seen in the measurement corresponds to the top Si layer thickness of the SOI substrate which is approximately 50nm. Fig. 3 (b) shows an optical image of fabricated single NW and two arrays of NWs with different numbers (10 NWs and 20NWs). The individual SiNW has a dimension of 60nm in diameter and a length of 400µm.In such sensing device, the two metal electrodes which are designated as source (S) and drain (D) of a device is bridge by nanowire as shown in Fig. 3 (c) and (d). These micro-sized contact pads allowed electrical transport measurements of the silicon nanowires. Once the SiNWs has been formed as a two-terminal sensing device, its current-voltage (I-V) characteristic is then measured by using DC analyzer system. During the measurement set-up, a typical resistor setting is employed on to the two terminal NW devices by supplying voltages to the source (S) region and obtains the output current at the drain (D). For this experimental, devices with different width (W) of wires approximately (W = 60nm, 70nm, 80nm, 90nm and 100nm) and different numbers (N) of wires (N = 1SiNW,10SiNWs and 20SiNWs) were characterized. The purpose was to analyze the size and number dependence of wires to the device's electrical properties. The results of these electrical characterizations are presented in Fig. 4 .
As shown by the data points in Fig. 4 (a) , indicating that the device's resistivity values are related to the width of the Si wire. The resistivity (ρ) of the SiNW sensor can be expressed as ρ=RA/L, where R is the resistance value, A is the area size value (diameter x height) and L is the length of nanowire between electrode channel. By using this equation, the ρ values of the fabricate devices with the wire width approximately of 60 nm, 70 nm, 80 nm, 90 nm and 100 nm were 13.06 x 10 -4 Ωm, 12.88 x 10 -4 Ωm, 9.07 x 10 -4 Ωm, 5.58 x 10 -4 Ω m and 2.06 x 10 -4 Ω m, respectively. It is shown that, the resistance of the wire is inversely proportional to its width. As the wire gets smaller in dimension, the electrical resistance becomes higher. This is due to the increased surface-area-tovolume ratio for smaller dimensions of NW which has resulted greater surface effects on the electrical conduction [6] . The surface contamination effects of SiNWs such as surface damage, defects and trapped charges developed through the plasma etching process give significant roles for smaller NW due to the larger surface-to-volume ratio [7] . Thus, it has been shown that the electrical characterization of the devices depends strongly on the width of the wires; resistance value increases with the decreasing NW width due to the surface-tovolume ratio effect.
Previous studies suggested that the number of bridging nanowires incorporated into a device may be an important parameter in determining sensitivity [8] [9] . Thus, for this research, three different quantities of nanowires which are single nanowire, an array of 10 nanowires and 20 nanowires were fabricated in order to investigate the dependence of nanowire number on the device's electrical properties. All the devices were characterized in response to the APTES functionalize of SiNWs surface. As shown in Fig. 4 (b) , it was found that single nanowire give the maximal value of the resistance, followed by an array of 10 nanowires and 20 nanowires.A device that consists of parallel multinanowires resulting in a larger current flow compared to the single nanowire. Therefore, the resistivity value of device also depends on the number of nanowire, resistance value decreases with the increasing of number of nanowire. 
IV. Conclusion
This research demonstrated the SiNWs sensor device have been fabricated by aligning an array of nanowires across paired of Ti/Au electrodes using advanced nanolithography process coupled with conventional lithography process. The comparison among the devices with different SiNW width demonstrates the resistance of the NW is inversely proportional to its width. Smaller NW exhibit high resistance due to the increase of the surface-area-to-volume ratio.In addition, it is found that the resistance of nanowires also depends on their quantity. As the number of nanowires increases, the resistance value decrease. This study may serve as a design reference for the optimization of SiNWs sensor performance.
